Growth and Yield of Solanum Tuberosum at Medium Plain with Application of Paclobutrazol and Paranet Shade  by Mariana, Merlyn & Hamdani, Jajang Sauman
 Agriculture and Agricultural Science Procedia  9 ( 2016 )  26 – 30 
2210-7843 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of IC-FANRes 2015
doi: 10.1016/j.aaspro.2016.02.117 
Available online at www.sciencedirect.com
ScienceDirect
International Conference on Food, Agriculture and Natural Resources, IC-FANRes 2015 
Growth and Yield of Solanum tuberosum at Medium Plain with 
Application of Paclobutrazol and Paranet Shade 
Merlyn Marianaa*, Jajang Sauman Hamdanib 
aSekolah Tinggi Penyuluhan Pertanian Medan, Ministry of Agriculture, Medan, 20002, Indonesia 
b Faculty of Agriculture, Padjadjaran University, Bandung, 45363, Indonesia 
Abstract 
This experiment has an object to study the response of four potato cultivars to paclobutrazol and paranet shade application in 
medium plain.  Land height is about 700 m about sea level and experimental design in use is Split-Split Plot Design. Three 
factors used as treatment in this experiment are paranet shade of without shade (0%), shade of 30%, and 50%, four cultivars 
potato (Granola, Atlantic, Spunta, dan Raja) and regulator, Paclobutrazol (0 ppm, 50 ppm, and 100 ppm). The result shows 
interaction between paranet shade, cultivar, and paclobutrazol are affecting to height of plants.  Interaction between paranet shade 
and paclobutrazol is affecting to tuber amount.  Cultivar Atlantic with 50% paranet  shade without application paclobutrazol 
shows tallest plants that is 69,33 cm and the shortest is 33,83 cm at cultivar raja without paranet shade and application 
paclobutrazol 100 ppm.  The results of this research proved that the growth of potato affects by cultivar, paranet shade, and 
paclobutrazol application. The best observed plant height of potato was Atlantic cultivar attempted with 50% density of shade 
without paclobutrazol application. Moreover, Atlantic cultivar showed higher Leaf Surface Area Index (LAI) and Net 
Assimilation Rate (NAR) value. Otherwise, the best yield was showed by Granola cultivar, so Granola can be counted as 
adaptable cultivar in medium plain. 
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1. Introduction 
Potato (Solanum tuberosum L.) is an important crop and has a priority in production because of its higher value 
than other crops, especially in Indonesia. The contribution of potato in Indonesia is more increasing either as fresh 
produce or as processed forms. In the future, potato used as a source of carbohydrate becomes a potential choice in 
food diversification to improve food resilience. Commonly, potato is grown in high plain (1000-3000 m above sea 
level) and concentrated in Java, South Sulawesi, North Sumatera, West Sumatera, and Jambi. In order to improve 
potato productivity, a new strategy is carried out with developing new area of potato plants in medium plains (300 – 
700 m above sea level) which are provided abundant in Indonesia. 
Development of potato planting in medium plain still has some problems. One of a major problem is none of 
adaptable cultivars to physical condition especially temperature and humidity. Thus, it is important to find a new 
potato cultivar with good adaptability in medium plain condition with higher temperature and lower humidity than 
higher plain. The main problem in potato planting is inadaptability of cultivars in environment stress affecting in 
very low productivity (Wibowo et al., 2004). In order to overcome this problem, it needs some environment 
modification to give optimum condition of potato growth.  
Yamaguchi (1991) has been reported that the best yield of potato was produced when it grown in soil temperature 
of 21oC at night and 24oC at noon. Soil temperature has important role to increase yield. Potato is a plant that its 
yield affected with soil temperature because of underground tuber production. 
High soil temperature will limit tuberization and it will reduce tuber production. In addition, Adisarwanto (1990) 
reported that potato grown at higher temperature will reduce tuber weight and decrease the rate tuber formation. On 
the other hand, Nonnecke (1989) reported that if high temperature was happened along tuberization, so the tuber 
produced will have abnormal shaped. It was affected by development of new tuber formed before and it was called 
secondary tuber. 
Modifications of environment are needed to support potato growth at medium plain. One of these modifications is 
providing paranet shade. Hamdani (2008) stated that paranet has good function not only to reduce light intensity but 
also to reduce air temperature. Potato is classified as C3 plant that needs moderate light radiation, so it needs to 
control density of paranet shade.  External factors impact tuberization; besides, it is also the internal factors such as 
growth hormones and carbohydrate metabolism. High temperatures will accelerate gibberellic acid (GA) 
biosynthesis. In tuberization, GA has been proved to delay tuber initiation and stimulate vegetative growth. 
Application of Paclobutrazol on plant was reported to give the inhibition of GA biosynthesis (Wilkinson and 
Richard, 1991) and it will affect to increase tuberization. 
 
Nomenclature 
GA Gibberellic Acid 
LAI Leaf Surface Area Index 
NAR Nett Assimilation Rate 
 
2. Materials and methods 
2.1. Materials 
Four cultivars of potato seed, i.e. Granola, Atlantic, Spunta, and Raja were used in this experiment; besides, a 
growth stimulator, paclobutrazol and paranets with shade of 30% and 50%. Additional commercial fertilizers (urea, 
SP-36, KCl) and pesticides (Curacron 500 Ec, Antracol 250 Ec, and Dithane M-45) were also used. 
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2.2. Experimental Design 
The experiment based on Factorial Split-Split Plot Design with three factors of treatment. The first factor 
included no shade (0%) and paranets with shade of 30% and 50% as main plot. The second factor was cultivars as 
sub-plot, i.e. Granola, Atlantic, Spunta, and Raja. The third factor was level of concentration of Paclobutrazol as 
parts of sub-plot, i.e. 0 ppm (control), 50 ppm, and 100 ppm. From three groups of treatment will get 36 units of 
treatment. All treatments were carried out with two replications so the sum of all treatments unit became 72 plots. 
The plot was randomly determined.  
2.3. Statistical Analysis 
The data obtained from this experiment, were subjected to analyses of variance (ANOVA) by Statistics v8.1 
software. Treatment means were compared using a least significant difference (LSD) test at significance level (α) of 
0.05. 
3. Results and discussion 
3.1. Plant Height 
Modification environment with shade of 50% applied to Atlantic cultivar without paclobutrazol gave the best in 
plant height, i.e. 69.33 cm. Otherwise, cultivar Raja applied with no shade and get 100 paclobutrazol applications 
gave the least plant height (Table 1). Gardner et at. (1985) reported that light intensity significantly affected to stem 
growth. Etiolating commonly happened in dark condition. The stem of plant in the shade will longer, and it will 
increase auxin level that works simultaneously with GA. 
Paclobutrazol compound can delay energy transfer to mitochondria and prevent biosynthesis GA so cell 
elongation will decrease and shorten its vegetative growth. Thus it improves assimilate portioning to the tubers 
(Wilkinson and Richard, 1991). In addition, Ani (2004), reported that paclobutrazol application can reduce mini rose 
height growth of 40.3 %. In other hand, 50% of shade gave the plant grow more in height. Atlantic cultivar has 
crawl root system so that it could absorb more mineral substances (Sub, 2005). Atlantic cultivar was grown best in 
height than other crops in aeroponic system (Mariana, 2006). 
Table 1. Effect of Paranet Shade and Paclobutrazol Concentration to Plant Height for Each Potato Cultivar 
Treatment 
 
Cultivar 
0% of shade 30% of shade 50% of shade 
Paclobutrazol Paclobutrazol Paclobutrazol 
0 50 100 0 50 100 0 50 100 
Granola 
 
49 a 
AB 
44.66 a 
AB 
45.16 a 
A 
62.16 a 
A 
51.33 a 
AB 
49.66 a 
AB 
60.83 a 
AB 
63.66 a 
B 
55.83 a 
B 
Atlantic 43.16 b A 
41.33 a 
AB 
40.16 a 
A 
58.66 a 
A 
55.67 a 
B 
55.33 a 
B 
69.33 a 
B 
61.33 a 
B 
61.5 a 
B 
Spunta 56.83 a B 
52.33 a 
Bw 
43 a 
A 
54 a 
A 
57.16 a 
B 
42 a 
A 
55.66 a 
A 
52 a 
AB 
45.1 a 
AB 
Raja 40.16 a 
A 
35.66 a 
A 
33.83 a 
A 
51.16 a 
A 
41.33 a 
A 
39.66 a 
A 
56.5 b 
A 
43.33 a 
A 
38.5 a 
A 
*) Means, in each column and for each factor, followed by similar letter(s) are not significantly different. Uppercase letter (s) read vertically and 
lowercase letter (s) read horizontally. 
3.2. Leaf  Surface Area Index ( LAI)  and Net Asimilation Rate (NAR) 
Modification of environment with 50% of shade gave the highest LAI value and it was significantly different 
from 30% of shade and no shade treatments. Atlantic showed the highest LAI and significantly different from other 
cultivars. Otherwise, the treatment with no paclobutrazol (control) gave the greatest leaf area that significantly 
different from 50 and 100 ppm paclobutrazol treatments (Table 2). 
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The highest value of NAR was given by Atlantic that significantly different from Raja, however it had no 
significantly difference with Granola. Concentration of 50 ppm and 100 ppm paclobutrazol had shown different 
result significantly with control. 
The over exposure of light can suppress leaf to grow wider. Gardner et al. (1985) explained that high temperature 
and low light exposure will stimulate leaf to grow wider and thinner, whereas low temperature and high light 
exposure will stimulate leaf to grow more narrow and thicker.  
In addition, plant will try to get more lights as they are needed for assimilation. Thus, it will stimulate leaf 
surfaces to grow wider. Wider leaf area at 50% density of shade stimulated leaf growth. And it will affect higher 
humidity, so turgor cell will increase. Increasing turgor cell will cause leaf getting a lot of water pressure from the 
root to do transpiration. It will stimulate stomata to open meanwhile transpiration on leaf will be occurred. 
Kved et al. (1971) reported that the development of leaf was affected by temperature, water, and light. Atlantic 
has long root system so it can absorb nutrition and water from the soil more excessively. Therefore, assimilate 
partitioning will spread evenly to all plant organs. Application of paclobutrazol in the treatment affected the leaves. 
They are looked smaller but thicker. Tsegaw (2006) reported that paclobutrazol application can reduce Leaf Area 
Index (LAI). Observation by microscope showed that the leaves sprayed by paclobutrazol will have thicker wax 
layer, larger epidermal, palisade, and cambium tissues. Moreover, paclobutrazol can increase cortex tissue, vascular, 
and nuclei from potato stem plant. Similar observation has been reported by Watson (2006) who also found the 
same phenomena for Quecus alba L. The leaf had wider form when it was applied by paclobutrazol. 
Paclobutrazol application gave significant difference in net assimilation rate (NAR). As concentration of 
paclobutrazol increases, it will increase assimilate production. As paclobutrazol applied to potato can increase leaf 
chlorophyll, it will improve assimilation. Additionally, results showed that as the concentration of paclobutrazol 
increases, so does the leaf dry weight per m2.  
Tsegaw (2006) reported that paclobutrazol can increase leaf chlorophyll a and b. It will affect assimilation rate 
more optimum than leaf without paclobutrazol application.  
Table 2. Effect of Paranet Shade, Cultivar, and Paclobutrazol Concentration to Leaf Surface Area Index (LAI) and Net Assimilation Rate (NAR) 
Treatment LAI NAR 
Paranet Shade     
0% (control) 0.7 a 0.006 a 
30%  1 a 0.005 a 
50%  1.1 b 0.005 a 
Cultivar     
Granola 0.9 b 0.005 ab 
Atlantic 1.1 c 0.006 b 
Spunta 1 a 0.005 a 
Raja 0.7 b 0.005 ab 
Paclobutrazol     
0 ppm (control) 1 b 0.005 a 
50 ppm 0.9 a 0.005 b 
100 ppm 0.9 a 0.005 b 
*) Means, in each column and for each factor, followed by similar letter(s) are not significantly different.. 
3.3. Yield 
According to the results, 50% of shade application gave the best yield of potato per plant, per plot and per ha. 
Although the results were significantly different from control, they were not significantly different from 30% of 
shade application. The best result of cultivar was Granola. It showed the best yield on each treatment, even though it 
was not significantly different from Atlantic. The treatment with paclobutrazol had no significant effect to potato 
yield (Table 3). 
The treatment with no shade gave lower yield than treatment with paranet shade. A great number of lights will 
retard assimilation process, because the energy cannot use more optimum. The plant will only catch the excessive 
energy and has no capacity to discard it (Jones, 1992). 
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Granola cultivar showed the best yield. It has been proved that Granola could be counted as adaptable cultivar in 
medium plain. According to potato yield per plant, per plot, and per ha, paclobutrazol application showed no 
significant difference from control. At given concentrations, paclobutrazol was not able to work efficiently because 
of the high temperature of environment. In this condition, gibberellin cannot suppress effectively by paclobutrazol. 
Table 3. The average effects of different treatments on potato yield 
Treatments per plant (g) per plot (kg) per ha(ton) Number of total tubers 
Paranet shade 
0% (control) 2.48 a 4.97 a 19.7 a 27.15 
30% 3.07 ab 5.68 b 19.3 a 28.05 
50% 3.92 b 7.46 b 30.7 b 42.08 
Cultivar 
Granola 3.47 c 6.37 b 25.2 b 35.04 
Atlantic 3.14 b 6.33 b 23.2 ab 32.67 
Spunta 3.12 ab 5.43 a 23.7 b 29.14 
Raja 2.81 a 5.43 b 20.9 a 32.25 
Paclobutazol 
0 ppm (control) 3.01 a 5.79 a 22.5 a 31.3 
50 ppm 3.18 a 6.03 a 23.4 a 32.61 
100 ppm 3.33 a 5.79 a 23.8 a 32.92 
*) Means, in each column and for each factor, followed by similar letter(s) are not significantly different. 
4. Conclusion 
The results of this research proved that the growth of potato affects by cultivar, density of paranet shade, and 
paclobutrazol application. The best observed plant height of potato was Atlantic cultivar attempted with 50% density 
of shade without paclobutrazol application. Moreover, Atlantic cultivar showed higher Leaf Surface Area Index 
(LAI) and Net Assimilation Rate (NAR) value. Otherwise, the best yield was showed by Granola cultivar, so 
Granola can be counted as adaptable cultivar in medium plain. 
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